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Circadian Variation in Human Flexibility and Grip
Strength
The main aim of this study was to monitor
changes in joint flexibility over 24 hours in 25
subjects. Measurements of finger tip to floor,
lumbar flexion, lumbar extension, passive
straight leg raising and glenohumeral lateral ro-
tation at 90° abduction were taken every two
hours 'during the 24 hour cycle.
Th.e presence of circadian rhythms in flexi-
bilifywere established by graphical analysis of
the results. These were shown to exist in all
measurements, the most strong being finger tip
to floor and most weak glenohumeral lateral
rotation.
The study also investigated grip strength over
24 hours and disclosed a circadian pattern in
which there was a considerable fall in strength
during the early hours and a rapid rise after
0600 hours.
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Since man's habits are largelygov-
ernedby regular environmental and 80-
cialrhythms it is not surprising that
many physiological measurements (eg
temperature) show a more or less reg-
ular 24 hour periodicity. The term diur-
nal is frequently used for a rhythm
whose period is one day. As the word
is also used to distinguish night and
day, Conroy and Mills (1970) prefer
the use of circadian to indicate a period
of approximately 24 hours. A rhyt-hm
may be wholly dependent upon some
external periodicity,whether of en-
vironment or habit, when it is de-
scribed as exogenous. If however the
oscillations continue in the absence of
such external influences, they may be
supposed to originate from within the
organism· and are referred to as en-
dogenous. After an abrupt environ-
mental phase shift, such as rapidly
changing time zones' during air flight,
an exogenous rhythm will immediately
suffer asimilar phase shift, whereas an
endogenous one will persist for a tin)e
in the old phase and gradually become
entrained to the new external rhythm
(Conroy and Mills 1970).
It ·is not uncommon for patients to
recall periods of stiffness related to
specific times of day as well as follow-
ing activity/inactivity. This is often
characteristic of 'arthrotic' joints
(Grieve 1981). Many asymptomatic in-
dividuals questioned prior to this study
were aware of changes in the ability to
flex and extend their joints through the
day and not infrequently mentioned
feeling 'stiff' in the morning.
Stiffness is a loose term. To a ma-
nipulative therapist it is generally taken
to mean a painless abnormal restriction
in range of movement (Maitland 1979).
In its· everyday use, the term can imply
anything from a difficulty to move a
joint to a low level. of discomfort at
the end of range of movement. Stiff··
ness is also used to describe the post
exercise soreness felt in muscles which
is .exacerbated when the affected.tissues
are stretched or contracted (Cyriax
1981, Grieve 1981). The direct physi-
cal, or biomechanical,measurement of
jointstiffness has received considerable
attention since Wright and Johns (1961)
developed the finger arthrograph (Fig-
ure 1). This instrument measured phys-
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A. Cable driven sinusoidallybya
crank.
B. Pulley converting motion to
sinusoidal rotation.
C. Lever transmitting torque to
finger and on which strain
gauges are bonded.
D. Swivel.
E. Finger Holder.
F. Centre indicator.
Figure 1: The firstarthrograph (from
Wright and Johns 1961)
i~alresistance to repetitive mid range
flexion/extension movements of the
metcarpophalangeal (MCP) .ioint of the
first digit and an updated version of it
has been used by Yung et al (1984) to
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measure circadian variation in 'stiff-
ness'. They measured eight .normal
subjects two hourly over 24 hours, as-
sessing the 'elastic torque' and the 'to-
tal dissipative energy' of theMCP
joint. Their results showed wide inter-
subject variation, but generally astrik-
ing increase in torque between 0400
and 0690 hours was noted.
Attempts to quantify the complaint
of morning stiffness in rheumatoid. ar-
thritis sufferers has involved through-
the-day measurements of grip strength
(Wright .1959a, 1959b) and knot tying
(Wright and Plunkett 1966). Wright
(1959) demonstrated a circadian rhythm
of grip strength in which there was a
close parallel between the amelioration
of morning stiffness and morning in-
crease in .strength. Similar rhythms in
normal subjects have been noted
(Wright 1959a, 1959b, Backlund. and
Tiselius 1967, Ingpen 1968, Lee ~t aJ
1974,Kowankoet a/ 1981, 1982a,
1982b, Harkness et aJ 1982, Pearson
et a/· 1982, Wilson-MacDonald et af
1984).
The use of grip strength in assessing
morning stiffness has been criticised by
Scott (1960) who argued that it was a
measure of muscle power unrelated to
this symptom. Impaired morning grip
strength found in normals must be con-
sidered in terms of weakness as well as
stiffness. Further,rheumatoid arthritis
patients grip strength bas been noted
to be limited by pai~ (Traverner 1954)
supervening psychological factors
(Scott 1960) and motivation (Scott
1960, Ingpen 1968,Kowankoet af
1982).
Very few of the studies on grip
strength took regular measurements
through the day or night and only small
numbers ofsubjeetswere used.
The paucity of literature on circa-
dian variation in joint range/flexibility
is surprising. Wright.(1959) emphasised
the need for research at the 'elementary
level' of this aspect of physical stiff-
ness.
Scott (1960) used 'flexibility' as a
measure of circadian variation in stiff-
ness of five rheumatoid arthritis suf-
ferers. He expressed .stiffness in terms
of the distance through which the index
finger was displaced using a set force
administered by a carefully set up ex-
tension spring. A decreased finger dis-
placement in the morning compared to
the evening·wasdemonstrated. In four
normals 'examined no change was ob-
served.
Loebl (1972) looked at abduction of
the third and fourthMCP joints that
were maintained in 90° of flexion. He
measured one hand hourly for 36 hours
and reported that the difference be-
tween measurements was within the
variation due to the apparatus and that
no trend became apparent.
Ina paper evaluatinggoniometry,
Mitchell et oJ (1975) measured total
range of knee movement on eight pa-
tientswith rheumatoid arthritis, two
patients with Still's disease and ten nor-
mal subjects at 0430 and 1630 hours.
No significant differences between
range of movement in the morning and
afternoon in both arthritic and normal
groups was shown.
Stockton et a/ (1980) looking into
ciradian rhythms of 'selected compo-
nents of sports performance' found
that the greatest improvement of 'sup-
pleness' was between 0800 and 1200
hours. Details were not given ..
Measuring cervical spine movements
at 0700 and 1900 hours O'DriscolI and
Tomenson (1982) recorded greater eve-
ning ranges compared to the morning.
Baxter and Reilly (1983) reported a
'time of day' effect for trunk flexibil-
ity, best at 1330 and poorest at 0630
hours in 14 young swimmers.
Observed decreases in disc height due
to long term compressive ·loading have
been implicated as a major mechanical
factor behind well known through day
losses in stature (De Puky 1936, Mar-
kolf and Morris 1974, Adams and Hut-
ton 1983, Reilly et a/1984, Tyrellet a/
1985). Circadian variation in height is
thus seen to result from being hori-
zontal or vertical rather than from any
intrinsic or endogenous rhythm (Goode
and Theodore 1983, Reilly et a11984,
Tyrelletaf1985).
Adams and Hutton (1983) pointed
out that the reduction in height of an
intervertebral motion segment would
reduce the size of the intervertebral
foramina and affect spinal mechanics.
The apophyseal joints would be
brought more closely together and the
facet tips would start to resist com-
pressive forces. They argued that this
would reduce the range of axial rota-
tion and extension and conversely, due
to extra slack inthe disc and ligaments,
should decrease spinal stiffness in flex-
ion and increase the range of flexion.
Using this mechanical model .as .a hy-
pothesis underlying lumbar spine cir-
cadian flexibility variation, ranges of
flexion would be expected to increase
and extension to decrease through the
day. Also, like ,stature, any observed
variation should .have a. similar pre-
dictabilitybased upon the spinal pos-
tures adopted·over the 24 hour period.
The aims of this study were to es-
tablish the relationship between time
of day and range of movement of fin-
ger tip to floor, lumbar. flexion, lumbar
extension,passive straight leg raising
and glenohumeral lateral rotation at
90° abduction; to investigate the effect
of recording one subject two hourly
from 0600 to 2400 hours on three con-
secutive days and to see the effect of
abnormally prolonged recumbency on
the final day; to investigate the rela-
tionship between time of day and sub-
jective feelings of stiffness; and to con-
firm that a circadian variation in grip
strength in normal. subjects exists.
Materials and Methods
Twenty five normal subjects aged be-
tween. 25 ·and 32 years were used..There
were 10 males and 15 females. Lumbar
flexion and extension were measured
using the lumbar spondylometer de-
veloped by Twomey and Taylor (1979)
and modified by Grant (1986). The
method described by Dalwood (1984)
was adopted. Finger tip to floor dis-
tances were taken with the subject
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Finger tip to floor
Lumbar flexion
Lumbar extension
Straight leg raise
Glenohumeral lateral rota-
tion
(vi) Grip strength
2. The subjects' major activity be-
tween measurements was recorded in
tween measuring sessions. The 25 sub-
jects were measured in small groups on
six separate occasions. On each occa-
sion the following recordings, in the
order shown, were made every two
hours.
1. (i)
(ii)
(iii)
(iv)
(v)
Figure 6: Straight leg raise - measure-
ment
Figure 5: Glenohumeral lateral rotation
- goniometer positioning
strip, placed at the tips of the fmgers,
to the lower edge of the platform.
A specially designed pendulum gon-
iometer (Figure 3) was employed to
measure glenohumeral lateral rotation
and passive straight leg raising. The
starting position for the glenohumeral
movement was standardized using an
adjustable stabilizing jig. This appa-
ratus maintained the right glenohu-
meral joint in 90° abduction and neu-
tral rotation (Figure 4). The pendulum
goniometer was placed on the flat pos-
terior surface of the distal forearm be-
fore performing the movement (Figure
5). Passive straight leg raising was
measured on the right leg using the
pendulum goniometer placed on the
tibia adjacent to the tibal tubercle (Fig-
ure 6). The angle at which resistance
was first felt to increase (R1) (Magarey
1985, Maitland 1986) was recorded.
Grip strength was measured using a
Martin Vigorimeter (Sebruder Martin
Tutlingen, Germany), and the method
adopted by Kowanko et of (1981, 1982)
and Wilson-MacDonald et of (1984).
The series of measurements were
taken every two hours over a period
of 24 hours. Readings began at 2000
hours except in four subjects when they
began at 0600 hours. Subjects were en-
couraged to sleep and behave normally
and not to purposefully practise be-
Figure 4: Glenohumeral lateral rotation
- starting position
Figure 2: Finger tip to floor
standing on a wooden platform and
then running the outstretched hands
down a vertical board as they bent
forward (Figure 2).
The finger tip to floor distance was
taken from a horizontal 'velcro' marker
Figure 3: Pendulum goniometer
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an attempt to allow for extraneous fac-
tors affecting readings. Choices from
the following categories were given: ex-
ertion, moving, standing, sitting, bend-
ing, lying and sleeping.
3. The subjects were also asked to
indi~~te any feelings of stiffness on a
scale~f zero (no stiffness) to four
(maxim:umstiffness) at the end of each
measuri.ng session.
One further subject was measured,
using the same procedure, every two
hours betweeen0600 and 2400 hours
on three consecutive .days. On the last
day the subject remained .in ·bed until
1600 hours.
Inter-observer error trials were con-
ducted between an experienced manip-
ulative physiotherapist and the author
prior to commencement .of the study.
The correlation between the two in-
dependent observers on the fiverapges
of movement were high; Pearson 'r'
values ranged from 0.94 to 0.99
(p<O.OI). Intra-observer error was as-
sessed by calculating the coefficient of
variation for each measurement per-
formed on the same subject on five
separate occasions over a period of two
weeks at 2000 hours (Table 1). Sec-
ondly, the intra-observer· error was as-
sessedby calculating the coefficient of
variation for ten sets of consecutive
measurements on one subject (Table
2). The presence of circadian rhythms
in flexibility and grip strength were es-
tablished by graphical analysis of the
results. The conventional method for
studying biological rhythms such as cir-
cadian variation uses the cosinor anal-
ysis technique (GENSTAT)described
by Nelson etal (1979). Genstat was
unavailable at the time of the study.
The calculation for the mean percent-
age graph values is outlined in Appen-
dix I.
Results and Discussion
Finger tip to floor
The majority of .subjects showed a
clear circadian variation in the ability
to perform this movement (Figures 7
and 8). Maximum 'stiffness' occurred
in the morning at, or prior to, rising
and while the subjects were tecumbent.
Maximum flexibility occurred between
midday and midnight (X = 18.16
hours) and was always before going to
bed. Some subjects demonstrated a
brief stiffening during the early eve-
ning.The mean variation in range over
24 hours was 14.4 cm (SD = 4.81 cm)
ranging from 5.5 em to 26.2 em.
30
Olo-o--o~_-....----r"'---"'---,r--.....-~ __--';'-__
~
Figure 7: Finger tip to floor - mean
value graph
Table 1:
Intra-observer error: Coefficients of variation of five readings taken on ",0
one subject over two weeks at 2000 hours
Table 2:
Intra-observer error: Coefficients of variation of ten consecutive .readings
taken on one subject for each of the ranges measured
V% (Coefficient of variation %)
io
FigureS: Fingertip to floor- mean
percentage graph
8.5 0/0
7.47%
8.94°10
3.91 0/ 0
6.56%
11.2 %
1.8 %
3.92 %
0.88 0/0
0.865%
V% (Coefficient of variation%)Measurement
Finger tip to floor
Lumbar flexion
Lumbar extension
Passive straight leg raise
Glenohumeral lateral rotation at 90° abduction
Fingertip to floor
Lumbar flexion
Lumbar extension
Passive straight leg raise
Glenohumeral lateral rotation at 90° abduction
Measurement
6 The Australian Journal of Physiotherapy. Vol. 33, No.1, 1987
Circadian Variation in Hu.manFlexibility and Grip Strength
Lumbar Flexion
While the 24 hours profiles were less
clear cut than the finger tip to floor
measurements a similar circadian pat-
tern existed (Figures 9 and 10). In the
majority of subjects maximum stiff-
ness was reached during the hours of
sleep and maximum flexibility while
awake.,\The overall picture was one of
gradually increasing flexibility from
0600 hours through the day with a peak
during late afternoon and early evening
before stiffness gradually returned. A
mean variation of 13.12 degrees (SO
== 3.11°) was recorded.
Figure 11: Lumbar extension - mean
value graph
~ 22
Lumbar Extension
Two types of pattern for lumbar ex-
tension were demonstrated:
(i) Those typified by the mean value
graph (Figure 11) which showed a
rise from maximum stiffnessdur-
ing the early hours to maximum
flexibility around 1400 hours be-
fore gradually stiffening again to-
wards evening.
(ii) The second pattern, really an in-
version of the first, was demon-
strated by subjects 16 and 22 (Fig-
ure 12).'This pattern more closely
fits with the biomechanicallypre-
dictedflexibility changes made by
Adams and Hutton (1983).
A mean variation in extension range
over 24 hours of 9.64 degrees (SO
3.51°) was recorded.
Figure 9: Lumbarflexion -mean value
graph
O'---.,.-~--r-~----..~";""'-"T"'-"'--""-~~
""00
Figure 10: Lumbar flexion -meanper-
centagegraph
Passive Straight Leg Raising
The circadian pattern of straight leg
raising, while showing a rise .in range
through the day and fall at night, sim-
ilar to those above, did not provide
such a dramatic picture. Most mini-
mum scores (maximum stiffness) oc-
curred during the time when thema-
jority of subjects were either recumbent
~ or relatively inactive (2200 - 0800
hours):81.80Jo of the maximum scores
occurred between 0800 and 2200 hours.
The mean variation over 24 hours was
9.92 degrees (SD = 2.74°).
Glenohumeral Lateral Rotation
Analysis of individual graphs showed
considerable intra-subject variation
from one measurement time to the next
and no immediately obvious pattern.
However, examination of the cumu-
latedscores on the mean value and
percentage mean graphs indicated an
overall rise inflexibility through the
day and a fall during the early hours
of the mormng(Figures 13 and 14).
Consecutive Measurements
Measuring one subject on three con-
secutive days revealed the typicalgen-
: 16
Figure 12: Subjects 16 and 22 -lumbar
extension graphs
Figure 13: Glenohumeral lateral rota..
tion- mean value graph
era! patterns described. Comparing the
results in more detail showed that there
were considerable day to day differ-
ences in range at a particular time and
.the total variation (see Tables 3 and
4). Remaining recumbent until 1600
hours (third day) had greatest effect on
the finger tip to floor profile, there
being a relative. slowing of the normal
rise inflexibility which resumed after
rising (Figure 15). Recumbency also
appears to have slowed the normal rate
of increasing flexibility in lumbar flex-
ion and straight leg raising. There was
little obvious effect of this on lumbar
extension and glenohumerallateralro-
tation.
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Table.3:
Ranges of differences in measurements at the same time on days 1 and
2
Measurement
Finger tip to floor
Lumbar flexion
Lumbar. extension
Straight leg raise
Glenohumeral lateral rotation
Table 4:
Total variation (max - min) Days 1 and 2
Range
0.4 - 5.7 em
0-10°
0- 3°
o - 6°
0-13°
10
Figure 14: Glenohumeral lateral rota..
tion - mean percentage graph
Measurement
Finger tip to floor
Lumbar flexion
Lumbar extension
Straight leg raise
Glenohumeral lateral rotation
Day 1
21.7 em
20°
7°
12°
18°
Day 2
16.8 em
13°
5°
11°
11°
If
Figure 15: Finger tip to floor- subject
recumbent until 1600 hours
Subjective Stiffness Index
Nineteen of the 25 subjects (76070)
recorded that they felt some degree of
,stiffness over the measuring period.
The majority of minimal stiffness
scores (73.8070) were recorded between
2400 and 1000 hours which coincided
with the times of least range for the
movements under examination.
Grip Strength
This study confirms previous studies
findings that a circadian variation in
grip strength exists (Wright 1959a,
1959b, Backlund and Tiselius 1967,
Ingpen 1968, Lee et al1974,Kowanko
"10
':lO.fo--............--.--.......-_._ --................,....---,..........--.--_.__.;...,.-........
ClG::t 1000
Figure 16: Grip strength - mean value
graph
etal 1981, 1982a, 1982b, Harkness et
al 1982, Pearson et al 1982, Wilson-
MacDonald et 0/1984), see Figure 16.
In the majority of subjects a consid-
erable .fall in strength occurred during
the early hours and when the subjects
were woken from sleep. All the max-
imum readings were obtained after ris-
ing.
Conclusion
To the author's knowledge this study
has been the first to record joint ranges
two hourly over 24.hours and has also
involved the largest number of subjects
in both flexibility and. grip strength in-
vestigations.
The difficulties of setting up auni-
form environment and the need to con-
trol the activities of the subjects are
acknowledged. However,asConroy
and Mills (1970) point out, the first
step in the study ofa circadian rhythm
is the demonstration that it exists ina
man living a normal existence.
The results of this study on 25 nor-
mal .subjects indicate that a circadian
variation in flexibility of ·the joints
measured does occur.
In considering the results of.only one
subject remaining recumbent through
the day it appears thatactivity/posture
have some affect on the circadian
rhythm for finger tip to floor , lumbar
flexion and straight leg raising. But,
unlike stature variation, flexibility
changes apparently do not.totally relate
to rising and reclining - the move-
ments measured all started to decrease
(stiffen) before bed time. Thus, it can-
not be concluded that flexibility vari-
ation is either exogenous or endo-
genous in nature.
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Consecutive measurements on one
subject indicate that joint ranges fluc-
tuate from day to day and ·at the same
time each day.
A circadian variation in grip strength
has been confirmed.
It is suggested that those who use
measures:,of range of movement in re-
searchstti'pies and/or clinically for the
reassessment of progress in treatment
of musculoskeletal disorders, should
bear the findings of this study in mind.
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Appendix 1
Mean percentage calculation
a) Convert each score to a percentage
of the maximum.
Using finger tip to floor as an ex-
ample:
Let ff = score to be con-
verted
ffmin =minimum finger tip
to floor measure-
ment
ff max maximum finger tip
to floor measure-
ment
ff 070 score as percent of
the ·maximum
Formula:
ff ff min
ffOJo == ffmax· ~ ffmin X - 100
b) The mean per cent score for the 25
subjects at .each measuring time is
then calculated.
eg for time 1. (0600 hours)
mean 070 at measuring time 1.
(0600 hours)
ff 070 (time 1) subjects 1 to 25
25
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